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[57] ABSTRACT 
F lame- re pel lan t linear polyesters are obtained by in- 
corporaii ng by condensation phosphorus-compounds 
having the formula 

o 
t 

HO-f-R-COOH. 



wherein R and R, are organic radicals which may also 
contain hereto atoms into the linear polyesters, prefer- 
ably those from lerephthalic acid and ethylene glycol. 
These polyesters are materials of which flame- 
repellent filaments, fibers, sheets, press-moulded and 
injection- moulded articles may be made. Products of 
the invention can be usci whereever especially acute 
risks of ignition and fire exist. 

8 Claims, No Drawings 
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1 mdimly<phosphonalc-pho.sphutes> have been similarly 

. „ I u5i.il.- ilu! use of ihcsc add lives provides good 

FLAME RK . AU.MM; « -INKAR S£. £ 1 Sn P^bes. the nan.e/oteeiion is no, 

SHAI'KH ARTlCLfcS IHfcRM* ie^anenl and the pnaluOs are subject to certain 

rtame .cu.de J vn.hcUC l.near »' £ ^ ,i K u.c as a result id' which the polymer prod- 

with carhop ph-ph..."-; f ' wtU a!> "'^^ l. ls , lavc T. certain loxicit> and ihe add.Uves can be 

shaped Hon, ilww ,ed pol>cs U. s , , „„, rclalivL ., y easily, e.g. in the course of dry 

|,, s k,H. w ..il....slMpcda,t.clcs.su.hasl... ™ ,„■ . rf arliclcJ> llwUe „, correspond.ng fibers. 
Hhers can he pupa.cd Hon. linear ,h. »k h ck ... g ^ of ^ art|d lhu 

compose ... .he H>.nc, n.olecu.e p hospho, s-eo. ,. W£. ll| UIUK , U(SC Uteir llaine-repellen. 

ing co...pou..iK In these cases, vaiious atuis o .......rlies 

phorus and the., dcma.ives were ^*^ ( ^ «J. ' in the course of ,he preparation of such fibers, the 
phospho.us-con.a.u.ug .'"••"".ca £ Vhus. the '5 additives are often responsible for slicking together of 
also phosphonic acids and P"; ,S 4~ (J dcscrih es f.la- the polymer chips during the drying process, as a con- 
German Auslcesch,... No uKlinud w „ h ^ ,„• mc ad ditives tending to migrate lo the 
menu and ..be.s made Iron P ' ' f ^ , er chips . , hc qulle h.ghly-v.scous 
phosphome acid eMers IhcJ ^ n «*^ c j^ff, lymer a dditives described in Belgian Pat No. 
well suited lor d>e.ng * >th basic anu uisp > , o | y ^ ^ viscosity such that mixing them homo-, 
and have a low p.lhng • are ^ wilh lhc polyesters is rather difficult. More- 
Phosphonic and Pl»»P h, "^*£ "he preparation or over, they cause undesirably high diglycol contents in 
^^^^^J^^J^J^^dM^ case; where the additives are blended in while the 
fibcr-formmghnea ( H^ u -^i rifl No. 1 .520.079 polyester-forming reaction is still going on. 
sures m German O to ^^nn ^ 25 P * n rf lhcsc polymcrs w(th po | y mers in 
and German t) ten ^""^"'JJ c ^ phosphorus compounds are .ncorporated into 
meorporated ...to tlu • H^^, ■„ thc dyeing thc cham n , olcC ules shows the polymers with the addt- 
pose o tins mod Lea ^ - J and fibt;rs , •„ litjn havc pol>rcr dye.ng properties. Even 
properties of .he c "o|H.nU. ut, ^ phosphorus has been used as an add.t.ve for pro- 
and unprotc n. «u V ^^Km with bb-ip-carbo«y- 30 duc n^^-rcpellent and sclf-ext.ngu.sh.ng proper- 
pose ot the Hjcsiu n . G J nan Aus . . J ,Hdyester fibers and filaments (German Offen- 
phen > l)-phosph..»c aud Jc«.nl ^..gichrUI No. 2.148.34*). 

legcschr.H No I po | ycst crs comprising tiven though such filaments and fibers are sufficiently 

"TT'^numnJ co .pounds may have fia.ne- nal)ic . rcpc „ c „, or self-extinguishing, the addition of 
phosphorus-eon........^ i p No , , yo 97| 35 h J phorus does nol per.n.t white products to be 

repellent propciiu M hus • fc ^ | hus lhc produtls obtained are of limited use 

d.scloses ^'l^ ^'^^^tnd heal. These copolyes- onl 

and being .es.sl, ml lo Mum nainc .p rotectio „ agents. Therefore, it is an object or the prc^nt invention to 
ter products ean k use u j ^ sub sianccs for producc pcrma nently flame-retarding l.near po yeslers 

adhestves ^'[" ^' ^^'Sern.edtitc products. On 4ti ^ P an approp riate modiry agent which .mparts 

* to spin thJse polyesters nLe-repellcnt properties lo filaments and fibers spun 
t V S an en r fibers, since iheir phosphorus eon- lhcrc rrom ihe textile properucs of which compare fa- 
o >ield blame jiu . M« . producbi . ^ wilh those of filaments and fibers made or the 

TT?frten\iwl mat name-repel- L . urrc! , p onding non-modified polyesters, and which also 
"■"•^•"^•"^^d^taBOilH.ntti.ig by con- « permit a work-up to yield uscfiil sheeu and shaped 
• lent V***^* ^V^*J t molecules alkylene- g", M oreovu. the n.odification agent should nol 

^>ht^^ ^rB™S. — oblems outlined above have been solved by 
adduiona hcuro at J ^ fi|anttalttt p.bers 50 Uncar , ycstcrs of lh e present mvention 

These P"bcs>ers c. m Offenlegungsschrift Thcse nu , dir , cd polyesters consist or dicarboxyl.c acid 

N "^ 0^7 ' £ .343. 2.235.038 and 2.23b.03S). 1 m a)ld diol . COI „ponents as well as of phos- 

Nos. 2.23ft .0. w. 7 j „ ralhcr considerable vob- p h orus-containiug chain members and compr.se phos- 
Slt aMlw u d Son temperatures, it « 4 uite^ phoru ^ontaining chain members having structural 

Another ,,tlht ^ j I ° b \. P n p i asli ci 2 ed which involves 

CI C^ting^bosphorus "«W^^$>£ which constitute abou, 3 to 20 mol.% or the acid corn- 
ier in such a w a> .hat they are no bu.lt into the , o y ^ stcf 

mer chains. According to the ,hosphoric « P In th.s formula R is a saturated open-chained or eye- 

. 7.142.230 and 7.142.23 certain ^ alkylcne-radical having from one to 15. prererably 

aod and halogei.-con.a.n.ng aron n c d.b ^ .xy com ^ U) ,„ carbu „ al „ inb or an ary , cne or aralky- 

,CnC ' rad ' Ca ' CXamP ' C 
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-CH.-v-CH.-CH,-, -<CH,),- 
cm; 



o 
f 



_0-P-CH,-CH,-Cj- and 



JH CH. (II, . 
H. 



-<CH 2 ),-. 



Ml 



- O - P 



-<W) - C 6 H 4 - # "^^-CH 2 - etc.) 

and R, is an alkyl radical having up to six carbon atoms, 
an aryl radical or an aralkvl ladical for example 
CH, n- and iC 4 H H . < ,li n ; C (i H, :l , C„H,. QH V 
H s etc. ). 

Preferred phosphorus-containing chain members are 
the structural units of the ahove formula with R being 
-CH.-CH,— or C.iH f and K, being CH , or QH,, i. c 



o- 



C 6 H 5 



15 



20 



- 0 - P 



: «3 



o 
T 



CI I, o 



25 



3(1 



35 



Radical R as well as radical R, may additionally com- 
prise one or more hcicro atoms, preferably halogen ( F, 
CI, Mr) atoms, oxygen atoms or sulphur atoms; they 
may be located in branches or in the chain, the latter 
being preferred. "In the chain" means here a member 
of a chian consisting of carbon atoms. Due to their 
monovalcnce, halogen atoms cannot be located in the 
chain. Most suitable are O atoms and S atoms only. 
Though N -atoms arc also possible chain members as 
— NH— or — NR'— groups ( R' = an organic radical ), 
they are less desirable, since Neompounds. as is well 
known to those skilled in the art are often responsible 
for producing undesirable discoloration in course of 
the polycondcnsation process. 

Willi in the chain the S-a toms can be present as sul- 
fide groups, sulfoxide groups or sulfonc-groups. 
whereas on the chain or on the aromatic ring they may 
be present mainly as sulfonate groups. 

The following examples may be cited to illustrate 
radicals R containing hcicro atoms; 



-d-- -0- • -d- 

Br 



CI 



Q- CH 2- > - <H>- Q. 



etc. 



- 0 



_ p—f~\ - c - 
I w II 

CH„ O 



and with O atoms and S atoms in chain position. 
-(C'H..),-0-(CII,) r . -<C H J j,_0-(CH J . 

„ > 2 -0 -(CH.,),-. -(( ll.i.-O-tC H.),-. 

-(Cii..j,-s --(Cii.) 4 — . _ ( cn,) ( -s-(CH,t,-. 



- @>-o- <on>-. 
-ch 2 ch 2 -cmQ>- 

- ch 2-0- s -O ch 



0CH 2 CH 2 -, 



-CH 2 0-(Q-0CH 2 -. "(2>-S0 2 -<Q. 



-CH, 



-OK 



-CH 2 ^2>-0- 



In cases where 
cyclic alkylcnc rai 
factory only, if llv 
slightly yield hut; 
Used for prcparalic 
substituted utkylen 
pie, the radical 



or perfluorinated ; 

Radical R, ma\ 
manner In this ca 
stituents are halog 
example, 

CHXI. C tt H,CI. 

I he linear polye 
structural units as 
lows. The usual st. 
be most suitable ft 
ticularly fiber-forn 
ters are reacted in 
ing or shortly hcfi 
bifunctional carhci 
tionally contain fi 
tcrs with a lower a 
carbon atoms or 
forming the diol c. 
possible to use th 
phosphinic acid-di 
the cyclic anh>ilr 
which form easily ; 
tity of the carboxx 
from about 3 - 20 

The carboxy-ph 
formula 



wherein R and R, 
The dicarbo\\ lit 
be free acids or n 
alcohols having p 
atoms, especially 
fcrred and may be 
Co-coinj>oncnts. ( 
isophthalic acid, 
propoxy-isophtha! 
lie acid, diphcnyl- 
diacetic acid, ilij 
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CH 2"0^|-O' C,, 2-' -CH 2 CH 2 -0^-<Q.OCH 2 CH 2 -, 

J ' . 

3 SO_Na 

/ J 



In cases where R is a ^Unrated, open-chained or diphciioxy-alkaiic dicariHixylic acids, iranshcxahydro- 

c\chc alkylcnc radical a halogen substitution is satis- icrcphthalic acid, ad i pic acid, scbacie acid, 1.2- 

lactoiy only, if the compounds either do not or only cycloluiiane-diearhoxylie acid etc 

>li^li(K >icld hydrogen halidc under the conditions " Suitable dioJ-componciils arc. besides cthytcnc- 

used lor preparation of the pollster. Suitable halogen- glycol, e.g. propane diol- 1 .3. butanc-diol- 1 4 and the 

nalh com- s " b8fcl,lulcd radicals of this kind are, for exam- higher homologucs of butanc-dioH .4 as well as, 2.2- 

plc. the radical dimcthyl-propancdiol- 1 .3. 1 .4-cyclohcxane-dime- 



com- 
alogcil < \-\ 

oniv thc> 2u lhanol etc., as well as co-componcts 



l jr. * i tier V H * X m cascs w here Icrcphthalic acid is used with addi- 

- r —ch,— C-t'H,-- lional dicarboxylic acids as disclosed above, it is prefcr- 



-ir 



able that the additional acid constitute nut much more 



Ue^n i he - X - tX * h - u ' bn lhanlOmol of the total acid used Similar consider- 

of5?R\ini\. 25 ations apply to the c<>mposition ol the diol c<imponent. 

:m\wis .Is or P^rnuorinatcd alkylcnc radicals. For example, if further diols besides the ethylene-glycol 

: radical), Radical R, may also contain helero atoms in similar are used as components, their quantity preferably 

a* in uell manner. In this case, however, the most suitable sub- should not substantially exceed 10 mol.tt of the total 

rspoiiMhlc i"^"** are halogen atoms or the sulfonate group, for diol component. 

couihe of example, 3 0 if tnc starting materials are free dicarboxylic acids 

O-LCI, CJ-^Cl, C rt H<Br, C h H 4 SO a Na, etc. an j diols, the first step, as usual for these reaction 

ni .in sul 1 " hc lmcar Polyesters comprising the above, special partners, is the esterification, followed by polyconden- 

c-tiKuipN, rtruciural units as chain members are obtained as fol- sation. If the starling materials are dicarboxylic acid 

lhe> ni.tt ,nc usual starting materials which are known to esters, and especially dimethyl esters, instead of free 

be most suitable for preparing high-molecular and par- 35 dicarboxylic acids, the first step is also transcstcrifica- 

illusiuic u*ul"rt) hber-tormmg and hlm-tormmg linear polyes- t i on which is followed by polycondensation. each of 

lers are reacted in known manner, while prior to, dur- u lcsc steps u ^| ng the usual catalysts. 

ing or shortly before the end of the polycondensation Of course usual additives (cross-linking agents, de- 

bilunciional carboxy-phosphmic acids which may op- lusteranis and stabilizers, nucleating agents, coloring 

S0 3 N\a lionall> contain further helero atoms and/or their es- 40 agclU and fillers etc.) can be added during the prepara- 

WT * * lth a ,owcr a,coho1 V 1 Ci l >ccwl, y fro ™ one to four lion of p 0 | yt;s t crSi i„ addition to the usual catalysts. 

' e rlHUI aU,m *. ° t T Wlth Ulul arc addcd - lhc lallcr aIso Bifunclional "carlxixyphosphinic acids which are 

tunning the diol component ol the polyester. It is also added prior lU| during tir shorlJy bcforc lcrminal j on of 

4g& P° vs,l> » c lo U! * lhc oligomers ol the above carboxy- tnc polycondensation and which contain still further 

^% Phosphmic acid-dio esters. It is lurther possible to use 45 hctcro atomSf or their esters or their cyclic anhydrides 

@p the cyclic anhydrides of phosphiniccarboxylic acids can bc prcparcd ^ follows: 

which torm easily and are readily accessible. I hequan- Carboxyphosphinic acids having but one carbon 

tc m> ol the carboxy-phosphimc acid component may be aU)m inscrlcd bctwccn thc P . alom and lhc C0 0H- 

irom about 3 - 20 mul.* of the total acid component. arc obtained, for example, according to the reac- 
1 he carboxy-phosphmic acids used here have the 50 {{on dcscribcd b H G Hcnni aad G H|| t j j 



formula 



Hraki. Chan. 29, 86 ff { 1965), starting from a-Cl or 
a- Ur -ace tic acid alky I esters and phosphonous acid 



1,1 , V alk ^ eslcrs - A carboxy methyl-phenyl-phosphintc acid 

'^IJ//; HO-^R-cooii. 55 having e.g. the formula 



o 

-COOH 



wherein R and R, have the aforesaid meaning. HO— p-ch,-c 

The dicarboxylic acids used as starting materials may . . ch 

H _ be Tree acids or may be este rilled with lower aliphatic 60 • * 
2 ' alcohols having preferably from one to four carbon 

atoms, especially CH a OH. I crcphthalic acid is pre- ^ obtainable by this method. 

f ferred and may be used with other dicarboxylic acids as If R w an alkylcnc group having two or more carbon 

co-components. Other suitable acids are, for example, atoms, it is useful to follow the reaction scheme dc« 

isophthalic acid, S-sulfo-isophlhaJic acid, 5-sulfo- 65 scribed by V. K.. Chajrullin et al aprox. in Z. Obu\ 

propoxy-isophthalic acid, naphthalene-2,6-dtcarboxy* Ciiim. 37 (1967) No. 3, pg. 710 - 714. starting from 

lie acid, diphenyl-p, p-diearhoxylie acid, p-phenylene- dichlorophosphines and unsaturated carboxylic acids, 

diacetie acid, diphenyloxide-p, p'-dicarboxylic acid, such as, for example: 
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O 
I 



CI-P-C14 Ol t -**H -( OOH — CI-I'-CH,- C'H. -COC'I 

Ri K, 
dtchtnrophmphinc unsaturated i.i rhtuviic | 

uciil f saponification 




i. 



tt ( - -CH 3 

-C.H.-CH, 



L .irho«\ph(MphnitL- ucitt ' 



boiling iCHjC'Ol.O 
with 



r 



HO i» -CH,-l 11,-COOH K,- r -C M. 



J, u 



cyclic anh>dridc 



The condensati 
under the usual ct 



t-xamplcft 2 K 
l.\ MoUtficalMtr 
No agent 



Among the unsaturated acids preference is given to the 

use of acrylic acid, mcthacrylic acid and cro tonic acid. 2u Since they have a good degree of whiteness, they have 

Carboxyphosphinic acids having an aromatic radical very good dyeing properties for disperse dyestuffs and 

<R ~ arylenc) inserted between the P and COOH- their receptivity includes acid dyestuffs in colour 

groups can be prepared for instance according to the shades of average to deep intensity. If the P -containing 

guidelines of the process described by I.. D. Ouin ct at chain members additionally include sulfonate groups, 

in J. Org. C7itw..27, 4 I 2u ( I c lh2) or according to the 25 the receptivity also extends to basic dyestuffs. The 

process disclosed in Application serial No. (German diglycol portion of the polyesters increases only 

Patent Application No. P 2346657.1) Hied concur- slightly. The tensile strength of the filaments and fibers, 

rcntly herewith. second order transition temperature, melting point. 

That latter process consists in reacting halogenobcn- etc. approximately correspond to the values of the 

zoic acid esters with phosphoneous acid diesters ac- 3d non-modified polyesters. 



cording to the guidelines of an Arbusov reaction. The 
carboxylalkyl-phosphinic acid esters can be saponified 
e.g. by means of strong inorganic acids or bases. 
-Carboxyphosphinic acids with R being aralkytcne 
can be prepared by analogy to Belgian Pat. No. 
601,710 from carboxyhen/ ylhalides and phosphoneous 
acid esters and subsequent saponification of the ester 
groups to yield free acids. 
The carboxyphosphinic acids or their esters or cyclic 



Such fibers and filaments arc generally useful, for 
applications where readily ignitible textiles and techni- 
cal articles cannot be tolerated, for example for awning 
cloths, carpets, curtains etc. It is also possible to use 
these filaments as one of the components in bi-compo- 
nent-filaments in combination with other polymers. 

The sheets and shaped articles as well are used whe- 
recver serious risks of ignition and fire exist. If the 
transparency of the shaped articles is not a matter of 



50 



tion 



anhydrides are not volatile under the conditions of the 40 concern, their solidity can be enhanced by imbedding 
polyester-forming reaction — contrary to e.g. various therein e.g. inorganic fiber materials such as glass fi- 
diphosphinic acids — so that the former may be incor- bcrs, fibers from quartz, asbestos and carbon in the 
porated well and completely by condensation. usual quantities. As examples of such shaped articles 

The phosphorus-organic structural unit is randomly there can be cited casings, structural parts, electric 
distributed in the macromolcculc of the polyester final 45 machinery, mechanical transmission parts in auto- 
product. Occasionally the carboxyphosphinic acid mates, hollow articles, structural units in large-scale 
units may also be present as terminal groups, due to computers and sensitive electronic apparatus, 
their random distribution. In order to guarantee the The following examples illustrate the present inven- 
v desired/fiame-rcpellent properties, moulding composi- 
tions should contain at least approx. 0,5 wt.% of phos- 
phorus in the polyester, whilst the amount in filaments 
and fibers should be at least I wt.*/h The flame-retard- 
ing qualities arc further improved, if the P-containing 
chain members in the polyesters include halides as 
hetcro atoms. 

Subsequently, the completely condensed polyesters 
are spun to filaments and fibers as usual, stretched and 
submitted to additional treatment or extruded to yield 
sheets or, in known manner, worked -up to obtain 



EXAMPLE I 



1,000 g of dimcthyltcrcphthalatc are transestcrified 
with 720 ml of ethylene-glycol in the presence of 230 
mg of manganacctatc 4 H 2 0 as catalyst, the transesteri- 
55 fication taking place under nitrogen at temperatures of 
from 170° - 220°C. After completion of the separation 
of methanol 100 g of 2-carboxy-cthyl-mcthylphos- 
phinic acid ( preparation according to V. K. Chajrullin 
et al. Z. obsc.Chini 37 ( 1967) No. 3. pg. 710 - 714) arc 



shaped articles by press-moulding, injection-moulding o0 added at 22()°C and esterificd. 



or extrusion. Particularly suitable arc filaments, fibers, 
sheets and shaped articles the dicarboxylic acid compo- 
nenl of which contains mainly tcrephthalic acid and the 
diol component of which comprises essentially elhy- 



After having added 350 mg of Sb,O n the reaction 
mixture is further heated and, simultaneously, evacu- 
ated slowly so that a pressure of I torr at 250°C interior 
temperature is built up. The polycondensalion is car- 



lene-giycol. All these shaped articles are also an object h * ried out at 0.2 torr and at 275°C until a relative viscos- 

of the present invention. it y ( I 'A solution in dichloroacetic acid^at 25°) of 1 .85 

The fibers and filaments have very good and perma- is attained. Melting point 244° - 24X°C , phosphorus 

nent flame-repellent and self-exiinguishing properties. contents: 1 .85 'A . 
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Ihc eo.,densat.o,, product was spun from the molt suitable for incorporation into polyester molecules 
under the u.suul eond.t.ous und. subsequently, strelehed The following table shows toe results m ° lLCul "- 
.. ■_ ' TAULli 



1 t.mtplo 2 - K 
. I < Modtl'icaUon 
N.» .igciii 



(' I Cp.ll.lt It HI 



\ k t 'l|.l|lullll) CI .|] / ..lis,, l inn, 

»& » i**i»h t Ni 2, s in* 



chai.ictcrutic*,nl 

|Mil>e»lci Oft>*cnicit 

H«-;W> id" h onlubular 

WUCt ^ <t s inch my |M»itil iwtilcm Liiii 



I UU c 



I . ?5 



240 M2V 



All Veil 



\ K C'ti.i|iulltii.ci al / nhsc Chin 
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in a proporiion of I : 3<»5. The threads obtained 
showed a resistance of 33 g/tex at an elongation al 
break of 35 They were worked up to a tubular knit 
which was used for dyeing and flame tests. 

Dyeing with the acid dyestuffs having the commercial 
names of 

"Supranol Echtrol" (CM No. 24,790) (Red) 
"Alphunol Echtblau FGLL" (C.I. No. 62,155) and 
(Blue) 

"Lanaperlgclb 3 G" (C.I. No. 19,025) (Yellow) 
yielded deep colour shades! 

The flammabilily test was carried out according to 
Ihc oxygen-index method as per the tesl regulation 
ASTM D 28r>3-70. For thai purpose the tubular knit 
was fitted vertically into the apparatus and flamed from 
aho\e. An artificial oxygen/nitrogen atmosphere was 
created with a quantity of oxygen which was just 
enough to allow the test knit to burn. 

A value of 29 vol.Sf of 0_. had been found. A corre- 
sponding tubular knit made of non-modified pulycthy- 
lene-terephthaiate started burning at an oxygen con- 
centration of 20 vol.CS . 

EXAMPLES 2-8 

I he test according to example. I was repeated with 
deficient carboxyphosphmic acids or their derivatives 
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EXAMPLE 9 



The experiment as per example I was repeated, ex- 
cept that 6 mol.tt of the DMT was replaced by dimeth- 
yl- isophthaiate in the traiiscslerification step. The poly- 
mer melting point was then 236°- 238°C The relative 
50 viscosity was 1.82. Tubular knils made of this material 
have an oxygen index value of 30 %. 

EXAMPLE 10 
Example I was repealed with the difference that. 
55 instead of 100 g of 2-carboxy-elhyl-mcthyl-phosphinic 
acid there are.used 75 g of its cyclic anhydride 2-meth- 
yl-2,5-dioxo-l-oxa-2-phospholane having formula 



60 



CH 4 ~P cm 
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and, instead of 350 mg of Sh.Q 3 of example I, the 
picscnt example 10 used 300 mg of Gel IPO* 
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3,941,752 
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The purely white polyester containing 1.5 % of phos-. 
phorus was crushed in the cold. The reduced specific 
viscosity of the granules was 1 .08 (measured in phe- 
nol/ let rachlo roe than e = 3 : 2 at 25°C ).. The .viscosity of 
the granules was increased to l.3o by condensation of 
the solid matter in a rotating vessel at 230"C and at 0.2 
torr, condensation period S hours. 

The granules were worked up to plates tin an injec- 
tion moulding machine, the cylimlcr having tempera- 
tures of 2n(>727o72bU'X\ the moulding temperature, 
being 20°C. The plates ineaMiring no x o<) 2 mm were 
transparent and completely colorless, their reduced 
specific viscosity was 1.25 The impact strength of inc.' 
plates was examined h\ means of the drop hammer lest, 
exposing the plates to the vertical impact of a dropping 
object (drop hammer) from various heights, the plates 
being clamped onto a frame. The lip ol" the drop ham- 
mer was shaped as a hemisphere having a radius of It) 
mm and a weight of 1 kg. For each height 10 plates 
were submitted to the test. l or example, at a given 
dropping height of 150 cm the impact was strong 
enough to break 50 r A of the plates. The . impact 
strength of the plates of the example was 200 cm. 

Plates being obtained under the same conditions but 
without the phosphorus modification compound and 
having a reduced specific viscosity of 1.32, showed an 
impact strength of 190 cm when submitted to impact 
under the same conditions. 
For the flammahility test the granules were pressed to 
. plates 1.3 mm thick at a temperature between 230° and 
25l)°C and under a piessuie of K0 aim. From these 
plates were cut test specimens measuring 127 x 12.7 
mm. The result of the flammahility test according to 
AS TM D 635-6X was "non-igniiihlc," the flammahility 
test being carried out according to Underwriters Labo- 
ratories (UL) Subject l M ' SI- O." 

liXAMIM I: 1 I 

Example 10 was repeated with the difference that 
instead of 75 g of 2-methyl 2.5-dioxo- 1 oxa-2-phos- 
pholane only 35 g of tins compound were used. The 
phosphorus portion was then 0.7 r /< . The flammahility 
test according to ASTM I) n35-6K showed the material 
to be "self-extinguishing." 

We claim:. 

I. A linear polycstci which is the polycondensation 
|l product of a dicarboxylic acid, a diol and a flame- 
retarding carboxy-phosphinic acid monomer, said 
monomer heing used in an amount of from 3 to 20 mol 
percent, based on the total amount of dicarboxylic acid 
and monomer, said monomer being a source of struc- 
tural units in said polyester of the formula 

< > 
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-O I' R I ' 

I II 

K. M 



wherein R is saturated, open-chain or cyclic alkylene, 
arylenc or aralkylenc having one to 1 5 carbon atoms, 
and may contain one or more hctero atoms selected . 
from F, CI, Br, O and S. and R, is alky I having up to six 

5 carbon atonis, aryl, or aralkyl and may contain one or 
v more hctero atoms selected from F. CI. Br. O and S, 
provided that in the R and R, groups the O. if present, 
is the oxygen of an ether group, and the S. if present, is 
the sulfur of a thioether, sulfoxide, sulfone or sulfonate 

Hi group. 

2. A linear polyester according to claim 1 wherein 

. R is — CH t — CH a — or — C^H r and 
R, is CM :I — or C«H f) — :■' 



15 .V A linear polyester according to claim I wherein 
the radical R or R, contains a hctero atom O or S. 

4. A linear polyester according to claim 1 wherein 
the units derived from dicarboxylic acid arc essentially 
tcrephthalie acid units and the units derived from the 

-.o diol arc essentially units of a diol of the formula 
HO (CH.)„OH 
wherein n is 2 to 10, or the diol units are derived from 
1,4-cyclohcxane-dimethanol. 

5. A linear polyester according to claim 1 wherein 
the units derived from dicarboxylic acid arc essentially 
tcrephthalie acid units and the units derived from diol 
are essentially ethylene glycol units. 

6. A method of making a linear polyester which com- 
prises polycondensing a dicarboxylic acid or a lower 
alkyl ester thereof with a diol in the presence of a 
name-retarding phosphorus containing monomer of 
the general formula. 
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or a lower alkyl ester or cyclic anhydride of said mono- 
mer in an amount of about 3 to 20 mole percent of the 
total acid components wherein the symbol R of said 
formula is saturated, open-chain or cyclic alkyjene 

4 5 having one to 15 carbon atoms, arylenc or aralkylenc, 
and R, of the formula is alkyl having up to 6 carbon 
atoms, aryl or aralkyl, and wherein R and R, may fur- 
ther contain one or more hctero atoms selected from F, 
CI, Br. O and S, provided that in the R and R, groups 

50 the O, if present, is the oxygen of an ether group, and 
the S, if present, is the sulfur of a thioether, sulfoxide, 
sulfone or sulfonate group. 

7. A process according to claim 6 wherein the dicar- 
boxylic acid is tcrephthalie acid and the diol is ethylene 

55 glycol. 

8. Shaped articles made by molding or extrusion of 
the linear polyester of claim I. 
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